Introduction
============

Pain has a significant impact on psychological functioning, and chronic pain is associated with various psychological damages.[@b1-jpr-10-1879],[@b2-jpr-10-1879] Pain often hinders progress toward goals.[@b3-jpr-10-1879] Some individuals reduce their physical activities in an effort to relieve pain. On the other hand, pain reduces the quality of life.[@b4-jpr-10-1879] For effective treatment of patients who are suffering from pain, it is essential to understand the processes that underlie the impact of pain on their lives. In this regard, various models have been established in recent years that include approach and avoidance behavior systems.[@b5-jpr-10-1879] These systems affect different aspects of behavior, cognition, emotion, personality, and so on.

Various reactions that can be seen in individuals with chronic pain are associated with the behavioral activation system (BAS) and behavioral inhibition system (BIS). Pain is an unpleasant experience, and this model states that pain is associated with activation of the BIS. Thus, if an individual is suffering from pain and participates in activities that lead to increased pain, then taking part in these activities excite and activate the BIS. This BIS activation would then facilitate negative cognitive processes (eg, catastrophizing) and negative mood. Consistent with this, studies have shown the inhibitory effects of pain[@b6-jpr-10-1879] and its positive correlations with negative cognitive processes[@b7-jpr-10-1879] and anxiety.[@b8-jpr-10-1879]

Another system of this model is the fight--flight system (FFS) or fight--flight--freeze system (FFFS; of Gray and McNaughton).[@b9-jpr-10-1879] This system is not included in two-factor models because emotions and behaviors that are associated with these systems are not experienced routinely by most of people. That means the fight--flight--freeze system is not involved in most people's daily functioning. However, in individuals with chronic pain, the FFFS may play a very important role.[@b10-jpr-10-1879]

The revised Reinforcement Sensitivity Theory (RST)[@b11-jpr-10-1879] was developed on the basis of the findings about the role of certain brain regions in emotional reactions, and by postulating important environmental factors as the triggers of emotional reactions. The RST postulates three systems: BAS, BIS, and FFS. In the revised model, the third system is FFFS. The BIS/BAS scales[@b12-jpr-10-1879] and Sensitivity to Punishment and Reward[@b13-jpr-10-1879] are the most frequently used scales of the original RST. "The Jackson-5" includes five systems proposed in the revised RST (r-RST).[@b14-jpr-10-1879] Although r-RST measures have indisputable merits, it is debatable whether they fully comply with the revised RST theory. Reinforcement Sensitivity Theory Personality Questionnaire (RST-PQ) has an elaborated BAS scale; however, there are no separate flight and freeze components.[@b15-jpr-10-1879] The Jackson-5 questionnaire[@b14-jpr-10-1879] more closely resembles the r-RST. However, some of its scales do not capture the content which is implied by the r-RST -- the content of the BIS scale refers to the competitive tendencies rather than to perception of conflict. In addition to that, the Jackson-5 BIS scale correlates modestly with measures of similar constructs.[@b14-jpr-10-1879] The BIS/BAS scale is also being used as a measure of r-RST.[@b16-jpr-10-1879] For this purpose, BIS scale has been split into measures of BIS and Fear.[@b16-jpr-10-1879]

The Reinforcement Sensitivity Questionnaire (RSQ)[@b17-jpr-10-1879] has been created recently, based on criteria for item construction. These criteria are in accordance with the hypotheses of r-RST,[@b11-jpr-10-1879] as well as the results of other studies in this area.[@b18-jpr-10-1879]--[@b21-jpr-10-1879] In contrast with other r-RST scales, the RSQ does not contain facets. Therefore, the RSQ comprises all five scales, each covering a single system (BIS, BAS, Fight, Flight, and Freeze). On the other hand, accurate evaluation of the behavioral activation and the inhibition system is essential for therapeutic and research goals. Although the BIS/BAS scale[@b12-jpr-10-1879] has been used in the personality and psychopathology,[@b22-jpr-10-1879]--[@b24-jpr-10-1879] the measure was not specifically developed to assess BIS/BAS in chronic pain. Accordingly, this study is seeking to investigate the psychometric properties of the reinforcement sensitivity questionnaire in individuals with chronic pain.

Methods
=======

Ethical provisions
------------------

All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. The institutional review board of Baqiyatallah University approved this study. Written informed consent was obtained from all individual participants included in the study.

Participants and procedure
--------------------------

The participants were 312 (first study) and 70 (second study) patients with peripheral neuropathy. Duration of pain in patients were between 12 and 18 months since the onset of pain. Thus, research data were collected from the chronic pain samples with pain in these centers during 3 months. Of the total participants, 286 had a high school diploma degree or lower (74.9%), 54 were undergraduates (14/2%), and 42 held master degrees or higher (10.9%) educational qualifications. Descriptive and demographic characteristics of the participants are presented in [Table 1](#t1-jpr-10-1879){ref-type="table"}.

In order to collect data, the researcher met with the participants and provided the necessary explanations before distributing the RSQ,[@b17-jpr-10-1879] RST-PQ,[@b15-jpr-10-1879] Sensitivity to Punishment and Reward Sensitivity questionnaire (SPSRQ),[@b13-jpr-10-1879] Survey of Pain Attitudes-Revised (SOPA-R),[@b25-jpr-10-1879] and Pain Beliefs and Perceptions Inventory (PBPI)[@b26-jpr-10-1879] among them.

Measures
========

Reinforcement Sensitivity Questionnaire
---------------------------------------

The RSQ contains 29 questions, which were formulated according to the assumptions of the r-RST. The response format was a 4-point Likert. The final 29 questions were selected from a set of 60 items according to three criteria: reduction of the intercorrelation between scales, item content (items had to be indicators of a single r-RST dimension, with the least possible overlap with other dimensions), and the number of questions in scales (scales had to contain similar numbers of questions).[@b17-jpr-10-1879]

Reinforcement Sensitivity Theory Personality Questionnaire
----------------------------------------------------------

The first version of the RST-PQ[@b15-jpr-10-1879] was used in this study. The questionnaire comprises 84 questions which assess the following dimensions: reward interest, goal--drive persistence, reward reactivity, and impulsivity, for assessment of the BAS, FFFS, BIS, and panic. The response format is a 4-point Likert scale, with the categories named "Not at all", "Slightly", "Moderately", and "Highly".

Sensitivity to Punishment and Reward
------------------------------------

The SPSRQ is the first attempt to measure the RST.[@b27-jpr-10-1879] Studies have shown the good psychometric properties of the SPSRQ.[@b13-jpr-10-1879] Factor analysis showed that these two scales are orthogonal. They are associated with other personality variables -- Sensitivity to Punishment (SP) with neuroticism and Sensitivity to Reward (SR) with extraversion. The SPSRQ has been used in RST studies, although its limitations include: 1) a lack of FFFS/fear and BIS/anxiety and 2) a lack of sub-components and scales for the BAS.[@b28-jpr-10-1879]

Survey of Pain Attitudes (Revised)
----------------------------------

The SOPA-R is a 35-item questionnaire with response ranges in a 5-point Likert scale.[@b25-jpr-10-1879] Attitudes may include the following: 1) there is a medical cure for pain; 2) one can control pain; 3) others should assist people in pain; 4) one is disabled because of the pain; 5) medication is the best treatment; and 6) pain is influenced by emotional states.

Pain Beliefs and Perceptions Inventory (PBPI)
---------------------------------------------

This scale measures the pain belief items.[@b26-jpr-10-1879] A 4-point Likert scale was used in which the items were scored from −2 to +2, which indicates strong agreement. The beliefs were measured by three scales: 1) pain is an enduring part of life; 2) pain is mysterious; and 3) pain is caused by the patient.

Data analytic strategy
----------------------

SPSS version 22 (SPSS IBM, New York) and LISREL software[@b29-jpr-10-1879] were used to perform statistical analyses. Bivariate correlations, Cronbach's alpha, split-half, and test--retest coefficients and confirmatory factor analysis were assessed to examine the convergent validity, internal consistency, and factor structure of the RSQ.

Results
=======

Factor analysis
---------------

In order to investigate the fit of the five-factor structure of the RSQ (Smederevac et al),[@b17-jpr-10-1879] in patients with chronic pain, confirmatory factor analysis by maximum likelihood method and LISREL software were used.[@b29-jpr-10-1879] The diagram of the path of the conformity factor analysis, with path's coefficients, is shown in [Figure 1](#f1-jpr-10-1879){ref-type="fig"} and the T index is presented in [Table 2](#t2-jpr-10-1879){ref-type="table"}.

The confirmatory factor analysis, using LISREL software, offered three levels of fit indices:[@b30-jpr-10-1879],[@b31-jpr-10-1879] 1) absolute fit indices such as a chi-square index and Standardized Root Mean Square Residual (SRMR), 2) parsimony goodness-of-fit index such as a Root Mean Square Error of Approximation (RMSEA), and 3) the Comparative Fit Index (CFI). There is controversy over the precise cut-off scores of fit indices.[@b30-jpr-10-1879]--[@b34-jpr-10-1879] Moreover, the scores of the Normed Fit Index (NFI), Relative Fit Index (RFI), and Goodness of Fit Index (GFI) are closer to 1, the more they indicate the pattern's more desired fit. In the present study, the most valid fit scores have been used in order to assess the model's fit. An SRMR\<0.08 shows a desired fit, SRMR\<0.10 indicates an acceptable fit, and the model is failed when SRMR is \>0.10.[@b33-jpr-10-1879] The index with an RMSEA≤0.8 shows the model is good and, when the RMSEA is between 0.10 and 0.08, the model is acceptable. Eventually, a CFI≥0.95 states the good fit of the model.[@b33-jpr-10-1879] As the χ^2^ statistic is sensitive to the sample size, to assess the overall fit of the model, the χ^2^ is calculated along with the degree of freedom (χ^2^/df). Thus, χ^2^/df\<2 represents the model's good fit and when χ^2^/df is approximately 3, the model is acceptable. The value of χ^2^/df was 3.03, which approximates to 3; therefore, the model's fit is acceptable. In addition to this, the SRMR of 0.09 showed that the 5-factor model's fit is acceptable, and the fit indices of CFI 0.95, NFI 0.89, RFI 0.95, adjusted goodness of fit index (AGFI) 0.90, and RMSEA 0.10 represent the model's acceptable fit.

Validity and reliability
------------------------

To investigate the reliability of the RSQ, Cronbach's alpha, split-half, and test--retest coefficients were calculated. The 29-question scale's Cronbach's coefficient was 0.78, which showed that the scale has good internal coordination. Moreover, the split-half coefficient indicated the high reliability of the scale and its subscale. A total of 70 participants answered the questionnaire again in 4-week time to calculate the retest coefficient, and the correlation coefficients of the obtained scores was calculated after both tests were conducted. The results of the Cronbach's alpha, the split-half, and test--retest coefficients are presented in [Table 3](#t3-jpr-10-1879){ref-type="table"}.

[Table 3](#t3-jpr-10-1879){ref-type="table"} shows that Cronbach's alpha coefficients were satisfactory and the data of all the test--retest and split-half's coefficients were significant. Therefore, it can be concluded that the RSQ has the desirable internal consistency in patients with chronic pain.

For the RSQ,[@b17-jpr-10-1879] validity in chronic patients was examined through two ways: the criterion validity (conducted simultaneously with the RST-PQ,[@b15-jpr-10-1879] SPSRQ,[@b13-jpr-10-1879] SOPA-R,[@b25-jpr-10-1879] and PBPI),[@b26-jpr-10-1879] and the correlation between subscales. The results are shown in [Table 4](#t4-jpr-10-1879){ref-type="table"}.

The pattern of correlation coefficients between the sub-scales in [Table 4](#t4-jpr-10-1879){ref-type="table"} shows there is a suitable internal consistency between the subscales. The pattern of correlation coefficients between the subscales with RST-PQ,[@b15-jpr-10-1879] SPSRQ,[@b13-jpr-10-1879] SOPA-R,[@b25-jpr-10-1879] and PBPI[@b26-jpr-10-1879] indicates the concurrent criterion validity of RSQ[@b17-jpr-10-1879] in patients with chronic pain.

Conclusion
==========

The r-RST of personality is widely known to personality researchers. However, less attention has been paid to the r-RST. Therefore, the present study was done to evaluate and validate r-RST scales in clinical samples and other groups, especially in patients with chronic pain.

The RSQ's factor analysis showed that the 5-factor solution has a good fit. This finding is consistent with the studies that examine the RSQ scale's factor structure.[@b17-jpr-10-1879] The findings also indicated that the 5-factor in BIS, BAS, and FFFS has a desirable internal reliability. Studying the RSQ's factor structure and patterns of factor loadings by using confirmatory factor analysis generated similar results to what Smederevac et al[@b17-jpr-10-1879] obtained by the 5-factor solution. All the factor loadings were \>0.4. However, the factor loadings and factor structure in this study were lower than that in the study by Smederevac et al.[@b17-jpr-10-1879]

We investigated the RSQ scale's reliability using alpha coefficients, test--retest coefficients, and split-half, which showed the scale had appropriate reliability. The alpha coefficients of BIS, BAS, Fight, Flight, and Freeze subscales were, respectively, 0.65, 0.64, 0.74, 0.70, and 0.78, and the amplitude of coefficients of test--retest and split-half suggested the RSQ's suitable reliability to measure the BIS, BAS, Fight, Flight, and Freeze in a chronic pain sample. The findings are consistent with the study of Smederevac et al[@b17-jpr-10-1879] who designed the original RSQ. Although similar to the results of factor loadings, Cronbach's alpha coefficients results in the chronic pain samples were weaker and lower than in the original sample. However, the results indicate acceptable internal consistency. Perhaps, with some changes in the questionnaire, as shown by the results of factor analysis, a better questionnaire can be developed for other samples.

Evaluation of the validity of the RSQ with the RST-PQ[@b17-jpr-10-1879] and SPSRQ[@b13-jpr-10-1879] showed a positive correlation between the similar subscales of the RSQ, specifically with the subscales of RST-PQ[@b15-jpr-10-1879] and SPSRQ[@b13-jpr-10-1879] which were significantly correlated with the last subscale. The RSQ showed a positive correlation with the SOPA-R[@b25-jpr-10-1879] and PBPI,[@b26-jpr-10-1879] and this correlation was significant; this shows the RSQ can be predictive for pain attitudes and pain beliefs and perception. This result demonstrated the divergent validity of the RSQ.

The RSQ's psychometric properties in the present study were respectively consistent with the studies done in the original version.[@b17-jpr-10-1879] According to reports, the lack of a concise, yet valid and useful, tool to assess the revised reinforcement sensitivity theory is a weakness of the RST. As a result, it seems that, regardless of language and culture, and considering the pattern of factor loadings which was similar to previous studies,[@b17-jpr-10-1879] the RSQ scale is a useful tool in measuring the fundamental structures that are related to the r-RST. However, it seems that careful consideration should be given to its reliability in normal samples. Overall, the psychometric properties of the RSQ are applicable broadly and have the capacity to measure r-RST; it can be used in patients with either clinically relevant or normal levels.

In total, the reliability and validity analysis and confirmatory analysis demonstrated the desirable psychometric characteristics of the RSQ, and the present study's findings are consistent with that of the original versions.[@b17-jpr-10-1879] The RSQ in chronic pain samples showed that it is a valid tool for assessing r-RST. The calculated indices to evaluate the fit of the RSQ's model suggested that SRMR, RMSEA, and (χ^2^/df) indices, as the most valid fit indices,[@b30-jpr-10-1879]--[@b34-jpr-10-1879] support the model's fit. This result is consistent with the original version of RSQ.[@b17-jpr-10-1879] Therefore, according to earlier reports, the present study was conducted among chronic pain samples and, because it did not cover all of the pain groups, the results should be treated with caution when generalizing to other pain populations. Moreover, it is suggested that future studies examine the RSQ's validity by using other psychological methods and clinical groups, especially in acute pain and other clinical groups. The results of the present study indicate that the RSQ has acceptable validity and reliability in chronic pain samples. In addition, the questionnaire's factor structure was compliant with the designers' theory and the confirmatory factor analysis' using 5-factor evaluation was consistent with the original version of the RSQ.
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###### 

Descriptive and demographic characteristics of research participants

          Group   Number   Percent      Age, mean (SD), years   Marital status, mean (%)   Aim         
  ------- ------- -------- ------------ ----------------------- -------------------------- ----------- -------------------------------
  Study   Women   191      61.2         31.5 (4.0)              175 (91.6)                 16 (8.4)    Factor
  1       Men     121      38.8         32.1 (4.4)              107 (88.4)                 14 (11.6)   Analysis validity reliability
  Total   312     100      31.7 (4.2)   279 (89.4)              30 (9.6)                               
  Study   Women   37       52.9         32.1 (3.9)              28 (75.6)                  9 (24.3)    Test--retest
  2       Men     33       47.1         31.9 (4.2)              27 (81.8)                  6 (18.2)    
  Total   70      100      32.2 (4.1)   55 (78.6)               15 (21.4)                              

###### 

Subscales, material and T index of the Reinforcement Sensitivity Questionnaire model

  Subscale   Material   T index   Subscale   Material   T index   Subscale   Material   T index   Subscale   Material   T index   Subscale   Material   T index
  ---------- ---------- --------- ---------- ---------- --------- ---------- ---------- --------- ---------- ---------- --------- ---------- ---------- ---------
  BIS        1          6.06      BAS        8          3.18      Fight      14         2.36      Flight     20         3.57      Freeze     25         11.98
  2          8.81                 9          8.50                 15         13.98                21         5.93                 26         11.33      
  3          6.88                 10         12.59                16         16.60                22         6.08                 27         11.92      
  4          6.81                 11         8.78                 17         15.31                23         6.36                 28         12.53      
  5          6.71                 12         6.49                 18         11.28                24         6.92                 29         9.98       
  6          6.75                 13         8.21                 19         3.57                                                                       
  7          8.32                                                                                                                                       

**Abbreviations:** BAS, behavioral activation system; BIS, behavioral inhibition system.

###### 

Mean, standard deviation, and alpha and test--retest coefficients of the Reinforcement Sensitivity Questionnaire

  ----------------------------------------------------------------------------------------------------------------------------
  Subscale   Mean (SD)    Alpha coefficient (N =312)   Test--retest coefficient\   Split-half coefficient\              
                                                       (N=70)                      (N=312)                              
  ---------- ------------ ---------------------------- --------------------------- ------------------------- ---------- ------
  BIS        17.2 (3.3)   0.65                         0.67                        0.62                      0.64\*\*   0.62

  BAS        16.6 (3.0)   0.64                         0.61                        0.66                      0.58\*\*   0.60

  Fight      13.7 (3.5)   0.74                         0.73                        0.74                      0.61\*\*   0.80

  Flight     14.2 (2.5)   0.70                         0.68                        0.75                      0.68\*\*   0.51

  Freeze     11.7 (3.4)   0.78                         0.81                        0.76                      0.63\*\*   0.72
  ----------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** BAS, behavioral activation system; BIS, behavioral inhibition system.

###### 

Correlation coefficients between the subscales of Reinforcement Sensitivity Questionnaire with other tools

  Subscale   1                                                    2                                                    3                                                    4                                                    5   Defensive fight                                       Panic                                                BIS                                                  FFFS                                                 BAS                                                  SP                                                   SR                                                   Pain beliefs                                         Pain attitudes
  ---------- ---------------------------------------------------- ---------------------------------------------------- ---------------------------------------------------- ---------------------------------------------------- --- ----------------------------------------------------- ---------------------------------------------------- ---------------------------------------------------- ---------------------------------------------------- ---------------------------------------------------- ---------------------------------------------------- ---------------------------------------------------- ---------------------------------------------------- ----------------------------------------------------
  BIS        **1**                                                                                                                                                                                                                   −0.15[\*](#tfn4-jpr-10-1879){ref-type="table-fn"}     0.29[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   0.43[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   0.19[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   0.05                                                 0.34[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   −0.14[\*](#tfn4-jpr-10-1879){ref-type="table-fn"}    0.22[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   0.18[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}
  BAS        0.01                                                 1                                                                                                                                                                  0.14[\*](#tfn4-jpr-10-1879){ref-type="table-fn"}      0.16[\*](#tfn4-jpr-10-1879){ref-type="table-fn"}     -0.10                                                0.8                                                  0.31[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   −0.11[\*](#tfn4-jpr-10-1879){ref-type="table-fn"}    0.33[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   −0.9                                                 −0.06
  Fight      0.31[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   0.18[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   1                                                                                                             −0.23[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   0.14[\*](#tfn4-jpr-10-1879){ref-type="table-fn"}     0.16[\*](#tfn4-jpr-10-1879){ref-type="table-fn"}     0.37[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   0.19[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   0.12[\*](#tfn4-jpr-10-1879){ref-type="table-fn"}     0.4                                                  0.17[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   0.12[\*](#tfn4-jpr-10-1879){ref-type="table-fn"}
  Flight     0.07                                                 0.25[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   −0.1                                                 1                                                        0.4                                                   0.18[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   0.22[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   0.39[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   0.32[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   −0.8                                                 0.9                                                  0.39[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   0.28[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}
  Freeze     0.33[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   0.31[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   0.19[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   0.23[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   1   0.13[\*](#tfn4-jpr-10-1879){ref-type="table-fn"}      0.25[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   0.27[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   0.33[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   0.09                                                 0.16[\*](#tfn4-jpr-10-1879){ref-type="table-fn"}     0.11                                                 0.27[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}   0.31[\*\*](#tfn3-jpr-10-1879){ref-type="table-fn"}

**Note:**

*P*\<0.01,

*P*\<0.05.

**Abbreviations:** SR, Sensitivity to Reward; SP, Sensitivity to Punishment; BAS, behavioral activation system; FFFS, fight--flight--freeze system; BIS, behavioral inhibition system.
